We have noticed the presence of cytotoxic activity in the body fluid of a butterfly, Ideopsis similis, in family Danaidae. The cytotoxic principles were purified and identified to be phenanthroindolizidine alkaloids. In addition, the cytotoxic activity was observed in the leaves of Tylophora tanakae, which is a host plant for caterpillars of I. similis. In the present study, cytotoxic principles in methanol extracts of the leaves against human gastric carcinoma TMK-1 cells were purified by acid-base partition, repeated HPLC and preparative TLC, and two cytotoxic compounds were isolated. From spectroscopic analysis of their structures, they were identified as phenanthroindolizidine alkaloids, traps-(+)-3,14a dihydroxy-4,6,7-trimethoxyphenanthroindolizidine N-oxide and (-)-7-hydroxy-2,3,6-trimethoxyphenanthroindolizidine. The amounts of two compounds isolated from 200 g of dried leaves were 3.5 and 4.0 mg, respectively. These alkaloids are different from those in the fluid of I. similis. When TMK-1 cells were treated with these phenanthroindolizidine alkaloids, strong cytotoxic effects were observed, doses of 6 ng/ml for traps-(+)-3,14a-dihydroxy-4,6,7-trimethoxyphenanthroindolizidine N -oxide and 3 ng/ml for (-)-7-hydroxy-2,3,6-trimethoxyphenanthroindolizidine inducing 50% cell growth inhibition (IC5o).
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We have found the presence of cytotoxic activity against the human gastric carcinoma cell line TMK-1 in three butterflies of genus Pieris, i.e., P rapae, P brassicae and P napi.1) The active principle, named pierisin-1, in the pupae of P rapae was elucidated to be a protein showing strong cytotoxic activity against various human cancer cell lines, including TMK- only in one species of Danaidae, namely Ideopsis similis, with an IC50 value at a dilution of 5 x 1/106.7 Then, we revealed that the active principle was not protein, but was extractable with organic solvents. Chloroformmethanol extracts from leaves of Tylophora tanakae, on which caterpillars of I. similis grow, also demonstrated similar cytotoxicity against TMK-1 cells.7) Thus, the active principles in I. similis were suggested to be derived from compounds present in the leaves of T tanakae. Here, we report the isolation and structural elucidation of cytotoxic constituents against human gastric carcinoma TMK-1 cells in the leaves of T tanakae. Materials and methods. Materials. Fresh leaves of T tanakae, collected in Ishigaki-island, were purchased from Hiroshima-Mikado Co., Ltd. (Hiroshima, Japan) . The leaves were dried at ambient temperature in the dark and used for the experiments. All chemicals used were of analytical grade.
Cytotoxicity test. The human gastric cancer cell line TMK-18) was used for cytotoxicity testing. Near-confluent cells were trypsinized, collected and diluted to 2 x 104 cells/ml with RPMI-1640 medium containing 10% fetal calf serum (Gibco BRL, Gaithersburg, MD, U.S.A.). One hundred microliter aliquots of the cell suspension were dispensed into the wells of 96-well plates and combined with diluted samples. After 96 h incubation at 37 °C in 5% CO2 in air, cytotoxic effects were measured in WST 1 (2-(4-iodophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium, Dojindo Laboratories, Kumamoto, Japan) assay.
Isolation of cytotaxic compounds. A sample of 10 g of the dried leaves of T tanakae was ground and extracted overnight with 500 ml of methanol at room temperature. The methanol extract was concentrated in vacuo and the evaporated residue (1.1 g) of the methanol extract was separated by acid-base partition using 500 ml of ethyl acetate as an organic solvent. The cytotoxic activity of the sample was monitored with TMK-1 cells. The basic fraction (80 mg) was dissolved in methanol, and an aliquot was purified by HPLC on a CAPCELL PAK C18 ODS column (5 tim particle size, 4.6 mm x 250 mm, Shiseido, Tokyo, Japan) with the following gradient system of acetonitrile in 20 mM acetic acidmonoethanolamine buffer (pH 9.6): 0-80 min, a linear gradient of 10-50%; 80-90 min, 50%. The fractions with retention times of 22.5-25 min (fraction I) and 55-57.5 min (fraction II), showing significant cytotoxicity, were further purified on the same CAPCELL PAK C18 column. By eluting the materials with 35% acetonitrile in 20 mM acetic acid-monoethanolamine buffer (pH 9.6), an active compound, named compound I, was isolated from the fraction I with retention times of 11-12 min. With a mobile phase of 40% acetonitrile in 20 mM acetic acid-monoethanolamine buffer (pH 9.6), an active compound, named compound II, was isolated from the fraction II with retention times of 13 -14 min.
All HPLC procedures were carried out at room temperature, and the eluate was monitored for absorbance at 285 nm. The flow rate was 1 mllmin. Preparation of large quantities of compounds I and II and their structural analyses. Using compounds I and II isolated from 10 g of leaves of T tanakae as standard markers, large amounts of cytotoxic compounds I and II required for structural determinations were purified from the methanol extract of 200 g dried leaves of T tanakae as follows. The leaves were extracted with 2 L of methanol, and the extract was separated by normal-phase silica-gel for preparative TLC Spectral measurements. UV absorption spectra were measured with a Tosoh PD-8020 photodiode array detector and a Beckman DU 640 spectrophotometer. FABMS and high-resolution MS spectra were obtained with a JEOL JMS-SX 102A mass spectrometer. 'H-NMR spectra were taken as solutions in chloroform-d or methanol-d4 with an LNM-LA 400 (400 MHz) Fourier transform spectrophotometer with tetramethylsilane (TMS) as an internal standard.
Results and discussion. The methanol extract of the leaves (10 g) showed dose-dependent cytotoxicity with an IC50 value of 200 nglml. The cytotoxic activity in the extract was mostly recovered in the basic fraction, and responsible principles were separated by HPLC on an ODS column using a gradient solvent system. As shown in Fig. 1 , many fractions showed some cytotoxicity. Among them, the cytotoxicity in fractions I and II accounted for 10 and 22% of the total activity of the methanol extract, respectively. Cytotoxic principles in fractions I and II were successively purified by HPLC on the same ODS column with an isocratic solvent system. A single UV absorption peak exhibiting cytotoxicity of compound I was obtained from fractions I, and compound II was from fraction II (Fig. 2) . With compounds I and II from 10 g leaves as markers, large quantities of compound I (3.5 mg) and compound II (4.0 mg) were isolated from 200 g of dried leaves of T tanakae by preparative TLC.
The UV spectrum of compound I showed absorption maxima at 258 and 280 nm. High-resolution MS analysis of the molecular ion peak ([M+H]+, m/z = 412) revealed the molecular formula of compound I to be C23H25N06. The 1H-NMR spectrum indicated the presence of a 3,4,6,7,14-pentaoxygenated phenanthroindolizidine alkaloid skeleton and three methoxy groups. Considering the molecular formula, the presence of two hydroxy groups and another oxygen was also deduced. In the nuclear Overhauser effect (NOE) difference spectrum, NOES were observed between the following . These results indicated that the compound I contains a 3,14-dihydroxy-4,6,7-trimethoxy substitutions. Taking the lower shifts of 9-H and 11-H into account, the residual oxygen atom was assigned to N-10 to make the NV oxide. Based on the above IJV, MS and NMR spectral data, compound I was concluded to be traps-(+)-3,14a dihydroxy-4,6,7-trimethoxyphenanthroindolizidine N-oxide.9)
The UV spectrum of compound II showed absorption maxima at 260 and 285 nm, similar to those of compound I. High-resolution MS analysis of the molecular ion peak ([M+H]+, m/z = 380) revealed the molecular formula to be C23H25N04. In the 1H-NMR spectrum, proton signals due to a 2,3,6,7-tetraoxygenated phenanthroindolizidine alkaloid skeleton and three methoxy groups were observed. Based on the molecular formula, it was indicated that compound II contains a hydroxy group. The substitution pattern was shown to be a 7-hydroxy-2,3,6-trimethoxy by NOE enhancement observed between the following protons :1-H (6 7.31) and 14 When TMK-1 cells were incubated with the two phenanthroindolizidine alkaloids at doses of 0.06-125 ng/ml for 96 h at 37 °C, cytotoxicity was observed dosedependently. The IC50 values were estimated to be 6 ng/ml for traps-(+)-3,14a dihydroxy-4,6,7-trimethoxyphenanthroindolizidine N-oxide and 3 ng/ml for (-)-7-hydroxy-2,3,6-trimethoxyphenanthroindolizidine.
Several phenanthroindolizidine alkaloids, including the traps-(+)-3,14a dihydroxy-4,6,7-trimethoxyphenanthroindolizidine NV oxide and (-)-7-hydroxy-2,3,6-trimethoxyphenanthroindolizidine described above, have been isolated from T tanakae. Some of them were found to act as oviposition stimulants for the females of i. similis.9)10) Since T tanakae is a host plant for the larvae of l. similis, phenanthroindolizidine alkaloids and their metabolites may accumulate in the larvae of l. similis, explaining the cytotoxicity of this butterfly. Actually, we recently found two cytotoxic phenanthroindolizidine alkaloids, 3,14a-dihydroxy-6,7-dimethoxyphenanthroindolizidine and 3,14a-dihydroxy-4,6,7-trimethoxyphenanthroindolizidine in larvae, pupae and adults. The former alkaloid was, however, not detected in the leaves of T tanakae, and the level of the latter was far less than in the larvae." The two alkaloids, traps-(+)-3,14a dihydroxy-4,6,7-trimethoxyphenanthroindolizidine N -oxide and (-)-7-hydroxy-2,3,6-trimethoxyphenanthroindolizidine isolated in the present study were cytotoxic to TMK-1 cells, and those potentials are almost the same as that of taxol, a cancer chemotherapeutic agent isolated from Taxus brevifolia.12) It is important to now examine selectivity of the cytotoxic activity of the two compounds against various cancer cells and normal cells. The toxicity of these alkaloids might serve as protective agents in both the plant and the butterfly, against predators and parasitic organisms. It is of biological interest to understand the mechanism protecting 1. similis itself from the cytotoxicity of the alkaloids. Inhibitory effects of phenanthroindolizidine alkaloids against thymidylate synthase and dihydrofolate reductase have been reported,13)"4) however, it remains unclear what are the precise mechanisms of cytotoxic action of the phenanthroindolizidine alkaloids in human cancer cells. Elucidation of 
